P REVIOUS INVESTIGATIONS concerning the nature of regenerating hepatic tissue have demonstrated the ability of the liver to replace cells which have been lost through age, damage, necrosis or partial resection, Partial resection of as much as two-thirds of the total liver mass results in compensatory hyperplasia and hypertrophy leading to total or near total restoration of the resected liver (I). As early as I z-24 hours after partial hepatectomy, cytological and biochemical differences have been observed. The general assumption has been that within IO-I old, ranging in weight from 300 to 375 gm (mean, 330 gm) were used. The rats were anesthetized with ether, and the median and left lateral lobes of the liver were removed. These two lobes constituted approximately 50-60 % of the total liver mass. Gelfoam was used to assure hemostasis in all those animals whose livers were perfused more than 24 hours after surgery. This material decreased necrosis and scar tissue formation and appears to be resorbed within 7-10 days. In those rats whose livers were to be perfused 24 hours or less after partial hepatectomy, hemostasis was assured by ligating the pedicles of the resected lobes. Perfusion methods. The livers from these rats were perfused via the portal vein with whole blood at 37.5OC, as described previously (2, 3) , being transferred to the perfusion apparatus at intervals ranging from 24 hours to IOO days following partial hepatectomy. Prior to testing, the isolated livers were perfused for go minutes (equilibration period) at I 3 cm (blood) perfusion pressure. This eliminates the hepatic vasoconstrictor factor normally found in rat blood (3). CkF204 colloid extraction. This material was prepared according to Dobson and Jones (4 The extraction fraction is a function of blood flow as well as parameters inherent in the tissue. Since it has been shown that (all other parameters remaining constant) the relation between perfusion rate and extraction efficiency is given by the relation -log (I -E) = C/b where C is a constant expressing the functional status of the liver with respect to colloid uptake, and b is the hepatic blood flow rate (5), it is useful to transform these data using the relation:
Plotting -log (I -E) against the reciprocal of the blood flow yields directly the value of the constant C as the slope of the resultant line. This value will be used to describe changes of the reticuloendothelial activity of the regenerating organ. figure I . Following partial hepatectomy, the body weight of the experimental rats dropped approximately 5-1 o % below the preoperative level after 5-7 days. Thereafter, recovery of the animals was accompanied by a sustained weight increase commensurate to that of nonoperated control rats. Thus, after the 7th postoperative day, a consistent weight difference of 20 gm was observed between control and partially hepatectomized rats. At the same time, liver weight, reduced to 40-50 % of its preoperative value in the experimental rats, increased rapidly during the first 24 hours after operation (the premitotic weight increase, amounting to about 35 % of the remaining liver mass). Thereafter, the liver weight increased to a level of 80-85 % of the preoperative liver mass after 7-10 days and added a further IO % or so during the next 4-5 days. Further growth ceased at this point, and in the present series there was even a slight reduction in liver weight by the I 00th postoperative day. In the control rats during the same period, liver weight increased at a slow but fairly steady rate, so that final liver weights were about 20 % greater than initial ones. Thus in terms of absolute liver weight, the regeneration of the livers of the rats following partial hepatectomy never restored a liver weight comparable to that of the control rats, Because of the lagging body weight, the effect of partial hepatectomy is slightly less pronounced if it is expressed in terms of liver weight to body weight ratios. Thus after I oo days, the ratio is 3.2 % in the operated, and 3.5 % in the control rats. fig. 3 ), After partial resection of the liver, the specific rate of bile flow increases, beginning 24 hours or less following the operation, reaching a maximum of 0.23 X IO-~ ml/min/gm after about 72 hours, and reverting towards normal thereafter.
By. the end of I 4 days, the original flow rate has been attained and is maintained throughout the experimental period. At its peak, 3 days after resection, the bile flow rate per unit weight of tissue is more than 50 % greater than in the control liver. CrPO4 colloid uptake. A series of curves relating the extraction fraction E for GPO4 colloid (or rather its transform -log (I -e)-see METHODS) with the reciprocal perfusion rates, are shown in figure 4 for the livers of rats sacrificed at various periods following partial hepatectomy. Regardless of whether the slopes C of these curves or values of E at a given tissue perfusion rate are compared, figure 4 shows that, after the first 24 postoperative hours (when no change is registered), the hepatic uptake of CrPO4 increa.ses rapidly in the livers of the subtotally hepatectomized rats. A maximum of this function is reached about 72 hours after resection, when C is almost three times as large as in the controls. Thereafter, values of C or of E at a specific perfusion rate decrease, but at a very slow rate so that even more than 3 months after the operation, the colloid uptake efficiency of the regenerated livers is well above that of the sham-operated control rats (C/C, = 2.5, P < 0.01). The time course of the slopes of these curves are shown in figure 5 .
Endothelial Actually, the literature contains many indications pointing to the conclusion that liver regeneration does not entail such simple restoration of a normal liver mass, even if the change in external shape of the organ due to the loss of some and the expansion of other lobes is disregarded,
The common practice of referring liver weight changes after partial hepatectomy in the rat to preoperative liver weight led to reports of 100-1 IO % restoration of liver weight; these, however, are misleading because they disregard changes in the animals' weights during the period of observation. As shown in figure I , the liver to body weight ratio of the rats following partial hepatectomy does indeed increase rapidly until about the 10th postoperative day, but the values never reach those characteristic of nonhepatectomized controls of the same age.
Paralleling these changes in the equilibrium between liver mass and body mass, there are indications that the various components of the liver cell population do not maintain the same relations to one another throughout the regeneration period, and hence that it appears by no means certain a priori that the final equilibrium cell population must have the same composition as the original one prior to partial hepatectomy. Thus, while mitoses appear in the parenchymal cells within 24 hours after partial hepatectomy, mitoses of the littoral cells start somewhat later. Growth of connective tissue in turn lags well behind that of either parenchymal or littoral cells (7, 8) resulting in a decrease of liver collagen concentration which persists as late as 6 weeks after partial hepatectomy.
In addition to these cell population and connective tissue changes, there is also a decrease of extracellular space (9, I 0). Alterations of these morphological and biochemical properties of the regenerating (I 6) , these data might suggest that, for a brief time during the regeneration sequence, the normal balance of lobular zones is upset infavor of a preponderanceof 'peripheral zone cells' and that the increased specific bile secretion is one functional expression of this morphologic change. Still, the possibility of an increased functional activity of the hepatic cells as an explanation for the increased bile secretion rate should not be neglected.
Not only is liver regeneration characterized by gross morphological and cytological alterations, but there are also important changes in chemical composition.
For example, within 72 hours after partial hepatectomy, the 'average liver cell' shows an increase in nuclear DNA (9, I 7), elevated cytoplasmic PNA (9, I 7), a fall in liver glycogen (I 8, and unpublished observations by R. J. Holloway), and a rise in cytochrome oxidase (I 9). It is quite conceivable that each cell of the regenerating liver is temporarily stirred to greater individual functional activity of which bile Aow is merely one indication.
At any rate, the increase
